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1 Introduction
According to the WID [1], L1/L2 inter-cell mobility is identified as the objectives for Rel-18 NR mobility enhancement firstly, and the sub-objective related to dynamic switch is as follows.
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]

The dynamic switch is important for the low latency mobility. The above issues were touched in the RAN2#119bis-e meeting, 
· RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 

· RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 

· RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 

· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 

· FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.
and several further agreements were made in RAN2#120-e meeting as follows.
	· The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.

· LTM cell switch is supervised by a timer

· UE arrival in the target cell need to be indicated (somehow)

ON the determination of whether to reset L2: two options on the table: 

1. The UE determines whether the switch is intra DU or inter DU and the follows different rule or configuration for these two cases which controls whether to reset or not reset. Determination could be based on configuration (e.g. of a DU ID, cell group id etc)

2. The UE receives command to reset or not reset by MAC CE. 




As for the security concern, RAN2 confirmed the only temporary identities would be conveyed in L1/L2 signaling.

The previous agreements related to dynamic switch are listed from several aspects: the signalling and the content of the trigger, RACH related procedure, protocol stack processing, and so on. Further clarification is needed for the remaining issues like beam indication timing, content of the switch command and so on.
In this paper, we discuss the potential enhancement for switch related aspects and propose the enhancement for the switch signalling.
2 Discussion
The legacy procedure of HO consists of three phases: handover preparation, handover execution and handover completion. In R18 WI Mobility enhancement, the scenario is extended to intra-DU and inter-DU intra-CU with serving cell change. We would like to identify the part or steps to enhance for L1/L2 inter-cell mobility management in three phases: Measurement and Configuration, Cell switch execution, Completion. The dynamic switch among candidate serving cells relies on all the three phases in which cell switch execution phase is the key part and should be further enhanced. 
Based on the discussion about delta configuration in RAN2#112 meeting, RAN2 made some initial agreements about delta configuration and clarified the procedure and operation of this mechanism as follows
· In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
For the measurement and configuration phase, there is one remaining issue identified as the timing of compliance check. However, as shown in the above agreement, the complete candidate configuration may not be available if the combination of reference configuration and LTM configuration is postponed to the reception of the LTM cell switch command by UE implementation. UE needs to confirm the validity of the complete configuration. For example, it is not appropriate for the UE to receive CA related configurations from the NW if it doesn’t have the capability of CA. Thus, compliance check should not be limited to be the early one.  
Proposal 1: Compliance check is up to UE implementation e.g., performed upon reception of candidate configuration or switch command.
To trigger the execution, it is observed that beam indication is to send the beam information state and the switch command is for actual cell switch. RAN2 made some progress on the content of the LTM switch command. That is, the MAC CE contains at least a candidate configuration index. RAN1 also found technical issues related to the execution signaling. For example, they discussed necessary content/format of the command and also touched the issue that whether the beam indication was sent before/ along with/ after the cell switch command. 
Observation 1: From RAN1 perspective, the switch execution may be divided into two parts: beam indication and cell switch command which may be together or apart.
For the beam indication timing, RAN1 confirmed the scenario 2 and leaved other scenarios as FFS.

Agreement
For beam indication timing for Rel-18 LTM, 
Support Scenario 2: Beam indication together with cell switch command, 

· For Rel-17 unified TCI framework, 

· Beam indication indicates TCI state for each target serving cell

FFS: Scenario 1: Beam indication before cell switch command
FFS: Scenario 3: Beam indication after cell switch command

· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 
Scenario 2 is aligned with RAN2’s agreement that the MAC CE carrying LTM related information triggers the cell switch. Explicit NW-controlled command including both beam indication and switch trigger enables fast cell switch execution. Considering the enhancement assumptions, the MAC CE to trigger the cell switch may also carry the beam information and TA for the target cell in addition to the configuration index. 
Firstly, we focus on the remaining issues about beam information. In R17 FeMIMO, unified TCI is introduced to facilitate more efficient (lower latency and less overhead) DL/UL beam management for intra-cell and inter cell scenarios. Unified TCI framework enables the beam switch between cells without cell switch in Rel-17 inter-cell beam management (ICBM). The scenario of Rel-18 LTM is extended from intra-DU to inter-DU and cell is also changed in addition to beam switch. R17 ICBM is naturally one of the baselines reused in Rel-18 LTM. For the beam indication of LTM, RAN1 confirmed that unified TCI framework could be used as the baseline.
Agreement

The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:

· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 

· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.

With the above agreement, TCI state may be conveyed in the beam indication when both serving and candidate support Rel-17. 
Observation 2: It is agreed by RAN1 that beam indication indicates TCI state if both source and target cell support unified TCI framework.
Proposal 2: RAN2 to confirm that TCI state could be supported in an MAC CE carrying LTM switch command.
Secondly, TA pre-acquisition is the important procedure to achieve UL synchronization. During the discussion about TA pre-acquisition, RAN1 has identified another information may be conveyed in the switch command as follows:
 Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study

· Alt 1: RAR is needed
· Alt 2: RAR is not needed
Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command

· Alt 3: whether RAR is needed can be configured
If the TA is sent by RAR, UE may need to maintain TAs for all candidates with corresponding pre-configured TATs. With the current mechanism, UE even keeps running multiple TAT for these TAs respectively. Thus, to reduce the complexity of this TA pre-acquisition mechanism, we prefer that candidates’ TA are maintained by the network and the TA of the target is sent along the LTM switch command. 
Proposal 3: RAN2 to confirm that TA value is supported in an MAC CE carrying LTM switch command.
Other LTM related information like L2 reset indication and CFRA resource is also identified during the previous discussion. 
During sequential cell switch, one candidate cell may be the target cell in inter-DU LTM or intra-DU LTM. If determination of whether to reset L2 is based on configuration, UE may be configured multiple pieces of LTM configuration for one candidate cell. The size of the LTM configuration may be really large. In our understanding, the L2 reset indication from network is more reliable and simpler. Considering the payload of the MAC CE, a one-bit indication for reset or not reset is enough.
Proposal 4: RAN2 to confirm that L2 reset indication (reset or not reset) can be optionally supported in an MAC CE carrying LTM switch command.
For CFRA in the LTM, RAN2 has some previous discussion related to the CFRA resource and CFRA indication respectively. The previous agreement related to CFRA is made as follows.

	· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 


As mentioned by some companies, the payload of the MAC CE may be too large if the LTM related information also includes the CFRA resources. It is more reasonable to reuse the RRC for the resource configuration. Besides, the indication for the validity of CFRA resource was discussed during the last meeting. In our understanding, on one hand, the resource waste caused by long-term reservation is considerable. On the other hand, if the pre-reserved CFRA resources is already release to other UEs by network, the latency would be prolonged since UE needs to try the CBRA after it failed to access the target by CFRA. Thus, it is beneficial to have the CFRA indication to indicate UE that it has valid pre-reserved CFRA resources. To reduce the overload of the MAC CE carrying LTM switch command, 1 bit is enough to indicate whether the CFRA is valid or not 
Proposal 5: RAN2 to confirm that CFRA resource are not included in the MAC CE carrying LTM switch command.

Proposal 6: RAN2 to confirm that CFRA indication (i.e., valid or invalid) is included in the MAC CE carrying LTM switch command. 
In summary, the content of the switch command may or may not include the following information (explicitly or implicitly): configuration index, TCI state, TA value, L2 reset indication (reset or not reset), CFRA resource, CFRA indication (valid or invalid). And the corresponding preference from our side are as follows:

1) mandatory: configuration index;

2) optional: TCI state, TA value, L2 reset indication, CFRA indication (valid or invalid);

3) less preferred: CFRA resource.
Besides the content of the signalling, the timing for beam indication is also related to the corresponding procedure. During the RAN1 meeting, most companies focus on the Scenario 1 and Scenario 2. In our understanding, the above scenarios correspond to two signalling design and different signalling procedure. Thus, we identified two options: 1) mobility execution upon switch command; 2) reusing the ICBM before triggering the cell switch. 
1) Option 1: corresponding to scenario 2 proposed by RAN1, this option follows the legacy procedure that the UE execute the beam switch and serving cell switch as soon as receiving the indication from the NW. The beam information is sent along with the cell switch command. 
2) Option 2: corresponding to scenario 1 proposed by RAN1, this option reuses the ICBM, after ICBM, NW may switch the UE to the cell which the current serving beam belongs to. That is, NW may indicate the TCI state without serving cell switch (i.e., ICBM); after the ICBM, the NW transmits the cell switch command and triggers UE to apply the corresponding RRC Reconfiguration for the cell switch. The timing for the switch command in option 2 is up to NW which may be based on the following measurement report after ICBM. 
The general procedure for L1/L2 mobility with these two options are shown as below.
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Figure 1 General procedure of the LTM
As can be seen in the figure, Option 1 is more straight-forward. However, since the L1 measurement is not that stable and may change even within a small period of time, the UE may be indicated to ping-pong among cells which may result in larger interruption time. Option 2 may be the potential solution to reduce the ping-pong rate since the actual cell switch is only triggered by the cell switch command after the beam indication. This may reduce redundant repetitions (e.g., DL synchronization, UL synchronization, TRS tracking for candidate cell before the actual switch command) by provide a reference timing to start these procedures towards the selected cell. 
Observation 3: Corresponding to the beam indication time proposed by RAN1, there are two options for the switch procedure: 1) mobility execution upon LTM command (i.e., beam switch along with cell switch); 2) reusing the ICBM before triggering the cell switch (i.e., TCI state indication for beam selection prior to LMT command for cell switch).
During RAN2#119-e meeting, RAN2 has confirm the Rel-17 ICBM is one of the scenarios for LTM. 
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
By Rel-17 ICBM, user data can be forwarded to UE via the beam of another cell without cell change. Thus, in the intra-DU scenario, the first step in Option 2 could reuse the R17 ICBM as much as possible. During the time between the beam indication and switch command, UE is able to connect to the source cell via the target cell without serving cell change. Besides, considering the dynamic change of the L1 measurement, the network even could skip the cell switch step to avoid unnecessary cell switch.
Observation 4: Corresponding to scenario 2 proposed by RAN1, reusing the ICBM before triggering the cell switch contributes to reducing the ping-pong rate for LTM.
Proposal 5: RAN2 is kindly asked to not preclude the ICBM from reusing before the triggering of the cell switch.
Last but not least, the completion phase of the LTM should be further specified. For the successful access, RAN2 has confirmed that an indication was needed in the LTM.
· UE arrival in the target cell need to be indicated (somehow)
It still needs further discussion about the format and content of the indication. For the legacy procedure, the UE confirms the handover by sending RRCReconfigurationComplete message to target gNB when UE has successfully accessed the target cell. For handover/CHO, this complete message from UE indicates that the handover procedure is completed for the UE. As for RACH-less handover, the procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB. The C-RNTI is included in this RRCReconfigurationComplete message. 
Observation 5: For traditional handover, UE confirms the handover by RRCReconfigurationComplete message to the target upon success access. For RACH-less HO, handover completion is confirmed by the UE contention resolution identity MAC CE from the target.
For LTM, NW sends MAC CE carrying the LTM cell swich command to trigger the execution as shown in the Step 7 in Option 1 and Step 10 in Option 2. Correspondingly, L1/L2 signalling also could be reused for the switch completion to reduce the latency. Thus, 
Proposal 6: RAN2 is kindly asked to introduce one MAC CE carrying the C-RNTI to indicate its access to the target.

Proposal 7: RAN2 is kindly asked to reuse the UE contention resolution identity MAC control element from the target to complete the LTM for UE.
3 Conclusions
In this contribution, we discuss potential enhancement and the signalling for dynamic switch. Following observations and proposals are made in this contribution:
Proposal 1: Compliance check is up to UE implementation e.g., performed upon reception of candidate configuration or switch command.

Observation 1: From RAN1 perspective, the switch execution may be divided into two parts: beam indication and cell switch command which may be together or apart.
Observation 2: It is agreed by RAN1 that beam indication indicates TCI state if both source and target cell support unified TCI framework.

Proposal 2: RAN2 to confirm that TCI state could be supported in an MAC CE carrying LTM switch command.

Proposal 3: RAN2 to confirm that TA value is supported in an MAC CE carrying LTM switch command.
Proposal 4: RAN2 to confirm that L2 reset indication (reset or not reset) can be optionally supported in an MAC CE carrying LTM switch command.

Observation 3: Corresponding to the beam indication time proposed by RAN1, there are two options for the switch procedure: 1) mobility execution upon LTM command (i.e., beam switch along with cell switch); 2) reusing the ICBM before triggering the cell switch (i.e., TCI state indication for beam selection prior to LMT command for cell switch).

Observation 4: Corresponding to scenario 2 proposed by RAN1, reusing the ICBM before triggering the cell switch contributes to reducing the ping-pong rate for LTM.
Observation 5: For traditional handover, UE confirms the handover by RRCReconfigurationComplete message to the target upon success access. For RACH-less HO, handover completion is confirmed by the UE contention resolution identity MAC CE from the target.

Proposal 6: RAN2 is kindly asked to introduce one MAC CE carrying the C-RNTI to indicate its access to the target.

Proposal 7: RAN2 is kindly asked to reuse the UE contention resolution identity MAC control element from the target to complete the LTM for UE.
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